® 



J 



Europaisches Patentamt 
European Patent Office 
Office europ§en des brevets 



© Publication number 



0 399 701 

A1 



EUROPEAN PATENT APPLICATION 



© Application number. 90305058.1 
@ Date of filing: 10.05.90 



© int.Ci.5:A61B 17/072 



© Priority: 26.05.89 US 358646 


54 Myrtle Street 


© Date of publication of application: 


East Norwalk, CT 06855(US) 


Inventor: Alesi, Daniel E. 


28.1 1.90 Bulletin 90/48 


48 Possum Drive 




New Fairfield, CT 0681 2(US) 


© Designated Contracting States: 


Inventor: Ratcliff, Keith 


AT BE DE ES FR GB IT LU NL 


36 Toddy Hill Road 


© Applicant: UNITED STATES SURGICAL 


Sandy Hook, CT 06482(US) 


Inventor: Sherts, Charles R. 


CORPORATION 


65 South Gate Lane 


150 Glover Avenue 


Southport, CT 06490(US) 


Norwalk, Connecticut 06856(US) 




© Inventor: Green, David T. 


© Representative: Marsh, Roy David et al 


28 Bermuda Road 


Urqu hart-Dykes & Lord 41 9B Midsummer 


Westport, Connecticut 06880(US) 


House Midsummer Boulevard 


Inventor: Bolanos, Henry 


Central Milton Keynes MK9 3BN(GB) 



© Surgical stapling apparatus. 



© A surgical stapler (100) for placing lateral lines of 
staples and making an incision, all through an en- 
doscopic tube (103), includes an anvil member (136) 
which is mounted to the distal end of an elongate 
housing (134). A tubular collar (127) disposed around 



FIG. 1 



the arm of the anvil member is movable to a distal 
position to bias the anvil member and a cartridge 
assembly into co-operative alignment, thereby 
clamping body tissue to be fastened between the 
anvil member and cartridge assembly. 
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SURGICAL STAPLING APPARATUS 



This invention relates to surgical stapling ap- 
paratus, and more particularly to a surgical stapler 
for mechanically effecting a plurality of lines of 
stitching staples in body tissue. 

In some surgical operations it is necessary to 
adjoin two hollow body organs alongside each oth- 
er, generally with their longitudinal axes parallel to 
each other, and to effect a longitudinal cut through 
the contacting circumferential walls of the two or- 
gans so that the two organs constitute a single 
hollow chamber along the length of the cut. Cor- 
respondingly, the circumferential portions of the 
two adjoining organs on each lateral side of the cut 
must be sutured by at least one line of "stitches" 
in order to maintain the integrity of the union. 

Instruments for this purpose can comprise two 
elongated fingers which are respectively insertable 
into each organ from an open end thereof, the two 
fingers thereby having between them the two ad- 
joining walls of the organs. Typically, one of the 
fingers carries a disposable cartridge housing a 
plurality of staples arranged in at least two lateral 
rows while the other finger comprises an anvil for 
curling the staple legs into hook form upon their 
being driven against the anvil. The stapling opera- 
tion is effected by a pusher which travels longitudi- 
nally along the cartridge carrying finger extending 
into one organ, with the pusher acting upon the 
staples to place rows of staples in body tissue. 
Immediately behind the pusher and laterally posi- 
tioned between the staple rows is a knife which 
severs the facing adjoining walls of the two organs 
to thereby longitudinally open the two organs to 
each other between the rows of staples. 

One such instrument is disclosed in Bobrov et 
al. (U.S. Patent No. 3,079,606). The instrument 
disclosed therein comprises an apparatus for si- 
multaneously making a longitudinal incision and 
applying a row of staples on both sides of the 
incision. A further improvement is disclosed in 
Green (U.S. Patent No. 3,490,675). 

A later development disclosed in Green (U.S. 
patent No. 3,499,591) applies a double row of sta- 
ples on each side of the incision. This is accom- 
plished by a cartridge assembly wherein a cam 
member moves within a guide path between two 
sets of staggered staple carrying grooves. Staple 
drive members located within the grooves each 
have two staple pusher plates, and sloping sur- 
faces disposed within the guide path so as to be 
contacted by the longitudinally moving cam and be 
driven along the groove to effect ejection of two 
staples. 

These above-mentioned instruments comprise 
upper and lower frames which must be assembled 



before use, and disassembled after use. Such in- 
struments have been used successfully in surgical 
operations requiring the placement of gastrointes- 
tinal anastamosis, but they require the surgeon to 
5 have direct manual access to the operation site. 

However, in laparoscopic procedures surgery is 
performed through a small incision, and in en- 
doscopic procedures surgery is performed through 
narrow endoscopic tubes inserted through small 

io entrance wounds in the skin. Up to now there have 
been no instruments for placing lateral staple lines 
in laparoscopic or endoscopic procedures. Nor has 
there been any instrument suitable for placing lat- 
eral lines of staples and cutting tissue there- 

15 between in laparoscopic or endoscopic procedures. 
Because endoscopic procedures are more 
common than laparoscopic procedures, the present 
invention shall be discussed in terms of en- 
doscopic procedures and apparatus. However, use 

20 herein of terms such as "endoscopic", 
"endoscopically" and "endoscopic portion", among 
others, should not be construed to limit the present 
invention to a stapling and cutting apparatus for 
use only in conjunction with an endoscopic tube. 

25 To the contrary, it is believed the present invention 
may find use in any procedure where access is 
limited to a small incision, including but not limited 
to laparoscopic procedures. Also, as used herein 
the terms "fasteners" and "staples" shall be treat- 

30 ed equivalently. Unless otherwise stated, the term 
"cartridge assembly" shall include at least the car- 
tridge itself and staples or fasteners and staple 
drive members disposed therein. 

The present invention provides surgical sta- 

35 pling apparatus insertable through a small incision 
or narrow tube for driving surgical fasteners into 
body tissue and cutting the body tissue between 
rows of staples. 

In accordance with the present invention a sur- 

40 gical stapling apparatus is provided for placing one 
or more rows of staples endoscopically. Advanta- 
geously, a stapler apparatus constructed in accor- 
dance with the invention may further include a knife 
for making an incision in body tissue between rows 

45 of staples. The latter configuration may find particu- 
lar use in adjoining two hollow organs or in remov- 
ing an organ, such as the appendix. 

Briefly stated, a surgical stapler in accordance 
with the invention comprises: 

so a) a frame; 

b) a tubular portion defining a longitudinal 
axis and extending distaily from said frame, said 
tubular portion including: 

i) an elongate housing having means for 
mounting a cartridge assembly, said cartridge as- 
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sembly including a plurality of surgical fasteners 
mounted therein, and having a tissue engaging 
surface; 

ii) an anvil member having a fastener for- 
ming surface, said anvil member mounted to said 
elongate housing; 

iii) means for effecting relative movement 
between said cartridge assembly and said anvil 
member; and 

iv) means for ejecting said surgical fasten- 
ers from said cartridge assembly, whereby said 
fasteners engage said fastener forming surface. 

In one embodiment of the invention the frame 
and endoscopic portion of the instrument are re- 
usable with replaceable staple carrying cartridges. 

In another embodiment of the invention the 
endoscopic portion is formed as a disposable unit 
detachable from a reusable handle portion includ- 
ing the frame. 

In yet a further embodiment of the invention, 
the entire instrument may be constructed as a 
single-use, disposable unit. 

According to the method of the present inven- 
tion, the endoscopic portion of the apparatus is 
inserted into the body through a small incision or, 
more likely, through an endoscopic tube. With the 
anvil member in the open position, body tissue is 
disposed between the anvil member and the tissue 
engaging surface of the cartridge assembly. The 
anvil is then closed against the cartridge to clamp 
the body tissue between the anvil and cartridge. 
The instrument is fired so that staples ejected from 
the cartridge penetrate through the body tissue and 
are formed closed against the anvil. Where appro- 
priate, a knife forms an incision between several 
rows of staples. After the instrument has been 
fired, the clamping action of the anvil and cartridge 
assembly is released and the endoscopic portion of 
the instrument is withdrawn from the body. 

The present invention advantageously permits 
a surgeon to perform internal stapling and cutting 
procedures without full access to the stapling site. 
Surprisingly, the stapling and cutting instrument in 
accordance with the invention may be inserted 
through a small incision or tube in order to place 
multiple staple lines and make an incision in the 
stapled tissue between several rows of staples. 

The ability to perform stapling and cutting pro- 
cedures through a small incision or tube remark- 
ably reduces bloody loss, tissue trauma and patient 
recovery time, contributing to improved health care 
practices. 

For a better understanding of the invention, and 
to show how the same may be carried into effect, 
reference will now be made, by way of example, to 
the accompanying drawings, in which: 

Fig. 1 illustrates a perspective cutaway view 
of a first embodiment of the invention; 



Fig. 2 illustrates an exploded view of the 

frame; 

Fig. 3 illustrates an exploded view of the 
toggle lever actuating means; 
5 Fig. 4 illustrates an exploded view of the 

interior actuating means; 

Fig. 4A illustrates a sectional side view of the 
collar pivot holder, collar pivot support, collar pivot 
wheel, channel pin holder and channel pivot; 
10 Fig. 5 shows the tubular cover; 

Fig. 5A illustrates the connection between 
the cover and thumbwheel; 

Figs. 6 and 7 show the collar shaft and 

collar; 

75 Figs. 8 and 9 illustrate the cam bar channel, 

cam bars, knife and cam bar adapter; 

Figs. 10 and 11 illustrate the housing and 

anvil; 

Fig. 11 A illustrates a sectional view of the 
20 housing and collar; 

Fig. 12 illustrates an exploded view of the 
cartridge, staple drive member and staples; 

Fig. 13 illustrates a side view of the car- 
tridge; 

25 Fig. 14 illustrates the surface of the cartridge 

which comes in contact with body tissue; 

Figs. 15A and 15B illustrate the clamping 
action of the instrument; 

Fig. 16 illustrates a three staple drive mem- 
30 ber that can be used with the embodiment of Figs 
1 to 15. 

Rg. 17 illustrates a sectional view of the 
endoscopic portion of the instrument in accordance 
with a first alternative embodiment of the invention; 
35 Rg. 18 illustrates a side view of the collet in 

accordance with the first alternative embodiment of 
the invention; 

Rg. 19 illustrates is a proximal end view of 
the collet of Rg. 18; 
40 Rg. 20 illustrates a sectional side view of the 

sleeve in accordance with the first alternative em- 
bodiment of the invention; 

Fig. 21 illustrates a top plan view of the 
clamp tube of the first alternative embodiment of 
45 the invention; 

Rg. 22 illustrates a top plan view of the 
clamp tube snap of the first alternative embodiment 
of the invention; 

Fig. 23 illustrates a side view of the channel 
so adaptor of the first alternative embodiment of the 
invention; 

Fig. 24 illustrates a sectional side view of a 
handle and frame portion in accordance with the 
first alternative embodiment; 
55 Rg. 25A illustrates a sectional view of the 

frame in accordance with the first alternative em- 
bodiment; 

Rg. 25B illustrates a distal end view of the 
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frame half illustrated in Fig. 25A; 

Figs. 26A and 26B illustrate side and distal 
end views, respectively, of the inner handle of the 
first alternative embodiment; 

Figs. 27A, 27B f 27C, 27D and 27E illustrate 
bottom plan, front side, sectional front side and two 
partial rear side views, respectively, of the frame 
clamp tube; 

Figs. 28A and 28B illustrate top and front 
views, respectively, of a frame leaf spring; 

Rg. 29 illustrates a sectional side view of the 
outer tube of the first alternative embodiment; 

Figs. 30A and 30B illustrate side and distal 
end views, respectively, of the outer handle of the 
first alternative embodiment; 

Fig. 31 illustrates a side view of a drive tube 
in accordance with the first alternative embodiment; 
and 

Figs. 32A and 32B are top plan views of the 
frame clamp tube, drive tube and leaf spring illus- 
trating proximal and distal frame clamp tube posi- 
tions. 

The embodiment illustrated in Figures 1-15 in- 
cludes a frame and handle portion supporting an 
endoscopic portion, i.e., an extended tube-like por- 
tion having a relatively narrow diameter, on the 
order of about 10 millimeters, for insertion into a 
small opening in or tube inserted into the body, 
such as in the abdominal cavity. The endoscopic 
portion defines a longitudinal axis and has a length 
appropriate for reaching the operation site in the 
interior of the body. The apparatus may be used in 
conjunction with endoscopes (devices for visually 
examining the interior of the body, for example, by 
means of fiber optics). The endoscopic portion of 
the apparatus is inserted through the small opening 
or wound, manipulated to the operation site, and 
the instrument is actuated. The endoscopic portion 
has a fastening and cutting portion including an 
elongated housing which carries a fastening and 
cutting portion to the operation site. The fastening 
and cutting portion includes jaws defined by a 
staple carrying cartridge (typically located at the 
distal end of the housing), an anvil and further 
includes a knife. Actuating the operating portion 
must be accomplished via intermediate compo- 
nents disposed on or within a narrow longitudinally 
extending tubular structure. The bulk of the primary 
operating components are housed on or within a 
frame, which is located outside the human (or 
animal) body being operated upon. 

The instrument of the present invention has 
three basic actions or functions. 

First the endoscopic portion is introduced into 
the body and positioned with the jaws aligned at 
the stapling site to receive the target tissue. This 
may involve rotation of the endoscopic portion rela- 
tive to the body, either by rotating the stapling 



instrument, as a whole, by rotating the endoscopic 
portion relative to the frame as permitted in the 
preferred embodiments, or a combination of both 
actions. 

s Second, the instrument has a means for secur- 
ing the target body tissue between the cartridge 
assembly and the anvil. This is accomplished by a 
clamping action. With the target tissue clamped 
between the anvil and the cartridge assembly, a 

10 camming means which surrounds the housing and 
anvil member is employed to close the jaws of the 
apparatus and clamp the tissue between the anvil 
and the tissue contacting surface of the cartridge. 
The third action is that of applying the staples 

15 to the body tissue. A longitudinally extending chan- 
nel is employed to deliver longitudinal motion to 
pusher cam bars and a tissue cutting knife. The 
cam bars contact pusher elements which drive the 
staples through the body tissue against the fas- 

20 tener forming or forming surface of the anvil. After 
the instrument has been fired, the clamping action 
of the jaws is released and the instrument may be 
withdrawn from the body. The following details will 
provide an in-depth understanding of the various 

25 elements, operations and functions of the present 
invention. 

Rg. 1 shows a cutaway perspective view of the 
instrument of the present invention 100, which gen- 
erally comprises a frame 102 supporting an en- 
30 doscopic portion 103, means for actuating the in- 
strument to clamp body tissue, and means for 
firing the instrument to drive staples into the body 
tissue and form an incision in the tissue between 
staple rows. 

35 More particularly, referring now to Figs. 1 and 
2, frame 102 has two parts: a left portion 102L and 
a right portion 102R. These portions are optimally 
fastened together by means of fastening screws 
101, although rivets, welds or other means of join- 

40 ing the two frame parts may also be used. The left 
portion 102L has a vertical elongated slot 102A to 
allow access to a thumbwheel 123 (See Figs. 1 and 
4). Frame 102 is elongated and has an interior 
surface defining a distal opening 102B, proximal 

45 opening 102C, an interior distal cylindrical chamber 
102D, an interior proximal cylindrical chamber 
102E. a circumferential thumbwheel mounting 
groove 102H, an upper guideway 102F, and a 
lower guideway 102G. The frame is of an overall 

so size and shape convenient for being held in the 
hand. 

Referring additionally now to Fig. 3, toggle 
lever 104 transfers motion to the toggle links dis- 
cussed below and thereby provides a means to 
55 activate the clamping action of the apparatus in 
response to manual pressure from the surgeon or 
other operator of the instrument. Toggle lever 104 
is an elongated piece having a distal end pivotally 
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mounted In proximity to the distaJ end of the frame 
by means of lever pivot pin 105, which is disposed 
through transversely aligned aperture 104B in the 
distal end of the toggle lever 104. Toggle lever 104 
further has a proximal end pivotally connected to 
toggle link 107 by means of toggle link pin 106 
which is disposed through aperture 104A in the 
toggle lever. In response to pressure, the toggle 
lever 104 rotates around the axis defined by toggle 
lever pin 105, and transfers movement to the tog- 
gle links. 

Toggle link 107 is an elongated member hav- 
ing a rounded first end with fork member 107A, 
which defines a longitudinal slot 107C, a trans- 
versely aligned aperture 107B for receiving toggle 
link pin 108, and a backstop surface 107D. The 
rounded second end of toggle link 107 has a 
transversely aligned aperture 107E for receiving 
toggle link pin 106. Toggle link 107 transfers move- 
ment from the toggle lever to toggle link 109. 

Toggle link 109 is an elongated relatively thin, 
fiat piece having a rounded first end with trans- 
versely aligned aperture 109A for receiving pin 
110, and a partially rounded second end having 
transversely aligned aperture 109B for receiving 
toggle link pin 108, and a rotation limiting member 
109C. 

The first end of toggle link 109 is mounted in 
slot 111 A of the collar moving pivot 111 by means 
of pin 110 which is disposed through aperture 
109A. The second end of toggle link 109 is pivot- 
ally mounted in slot 107C in the fork member 107A 
of toggle link 107 by means of pin 108. Rotation 
limiter 109C is a flat angular member projecting 
proximally from the second end of the toggle link 
109. The rotation limiter is adapted to abut the 
corresponding backstop surface 107D in toggle link 
107 such that the joint between toggle links 107 
and 109 is prevented from further bending in the 
distal direction. The rotation limiter 109C thus acts 
as a locking feature, preventing the toggle lever 
104 from being depressed, and thereby preventing 
the clamping function to be actuated. When the 
coupling is bent in the proximal direction, however, 
the toggle lever 104 can be fully depressed so as 
to actuate the apparatus by moving collar moving 
pivot 111. 

Collar moving pivot 111 is a substantially rec- 
tangular shaped piece slidably mounted in the up- 
per guideway 102F of the frame 102. Collar moving 
pivot has a longitudinal slot 111A and a trans- 
versely aligned aperture 111B in proximity to the 
distal end of the collar proving pivot. The slot 111 A 
is for receiving the first end of toggle link 109, and 
the aperture 11 1B is for receiving pin 110 for 
pivotally mounting said toggle link 109. Collar mov- 
ing pivot 111 has a depending plate 11 1C, which 
has a relatively wide spacer portion 111E and 



transversely aligned aperture 111D for receiving 
pin 113 (Fig. 4). 

Depending portion 111C is mounted in slot 
112B of the collar pivot holder 112 (Rg. 4). Pin 113 

5 disposed through aperture 112C in the collar pivot 
holder and 11 1D in the collar moving pivot, links 
these two pieces. Collar moving pivot 111 provides 
a means to convert the rotational motion of the 
toggle links to linear movement in the longitudinal 

10 direction. 

Referring additionally to Rgs. 4 and 4A, collar 
pivot holder 112 is a substantially cylindrical piece 
which is located below the collar moving pivot 111, 
and which is slidably mounted in the proximal 

75 cylindrical chamber 102E. Collar pivot holder 112 
has a distal end with an internally threaded axial 
hole 112A, and a proximal end with a longitudinal 
slot 112B for receiving depending plate 111C of 
the collar moving pivot, and transverse aperture 

20 112C adapted to receive pin 113 for mounting the 
depending plate 111C. 

Collar pivot holder 112 provides a means to 
transmit longitudinal movement from the collar 
moving pivot to the collar pivot wheel 115, which is 

25 connected by means of the collar pivot support 
114. 

Collar pivot support 114 has a longitudinally 
projecting threaded bolt portion 114A at its proxi- 
mal end for mounting into the hole 112A of the 

30 collar pivot holder 112. At its distal end, collar pivot 
support has a longitudinally projecting pin 114B 
with a circumferential notch 114C for engaging E- 
ring retainer 116. Pin 114 is disposed through axial 
aperture 115A of the collar pivot wheel 115, and 

35 the distal end of the pin with notch 114C projects 
out through the distal end of said aperture 115A 
where E-ring retainer 116 is clipped onto said 
notch thereby maintaining collar pivot wheel 115 on 
pin 114B. Collar pivot support 114 not only pro- 

40 vides a means for connecting collar pivot wheel 
115 and collar pivot holder 112 so that longitudinal 
motion may be transferred, but also provides an 
axis (pin 114B) around which collar pivot wheel 115 
may freely rotate. 

45 Collar pivot wheel 115 is a substantially cylin- 
drical piece slidably mounted in the proximal cylin- 
drical chamber 102E of body 102. Concentric ap- 
erture 1 1 5A extends from the proximal to distal end 
of said collar pivot wheel for receiving pin 114B. 

so Collar pivot wheel 115 further has eccentric hole 
115B in its distai end for receiving mounting bolt 
125A of the collar shaft 125 (Rg. 6). Collar pivot 
wheel 115 is movable both longitudinally within 
proximal cylindrical chamber 102E, and rotationally 

55 around pin 114B. Collar pivot wheel 115 transfers 
longitudinal motion to the collar shaft 125 for the 
purpose of clamping the jaws of the apparatus. 
Channel pin holder 121 is a substantially cylin- 
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drical shaped piece siidably mounted in the distal 
cylindrical chamber 102D. and having a hollow 
axial interior. At its distal end, channel pin holder 
has a male snap-in plug 121 A with contraction slots 
121B for mounting into the proximal end of channel 
pivot 122. Channel pin holder 121 is mountable by 
means of screws 120 onto firing support shaft 119 
and provides a means for transferring longitudinally 
movement from the firing support shaft 119 to the 
channel pivot for the purpose of firing the surgical 
fasteners. Channel pin holder 121 moves only lon- 
gitudinally. The snap-in plug 121 A serves as an 
axis around which the channel pivot 122 may 
rotate. 

Firing support shaft 119 is an elongated sub- 
stantially rectangular piece siidably mounted in the 
lower guideway 102G. Concave surface portion 
119A at the distal end of the firing support shaft 
119 is for mounting the channel pin holder 121, 
and has a curvature corresponding to the outside 
surface of the channel pin holder 121. Screws 120 
are disposed through transverse apertures 119C in 
the firing support shaft 119, and into holes in the 
bottom of channel pin holder 121 for mounting said 
channel pin holder 121 to the firing support shaft 
119. At its proximal end, firing support shaft 119 
has a longitudinally extending threaded hole 119B 
for receiving threaded screw portion 118A of the 
plunger 118. 

Firing support shaft transfers longitudinal 
movement from the plunger 118 to the channel pin 
holder 121 for firing the fasteners. 

Plunger 118 is a rod having threaded screw 
mounting portions at both the distal and proximal 
ends. The distal screw portion 118A is for mounting 
to the threaded hole 119B in the firing support 
shaft 119., The proximal screw portion 118B is for 
mounting a push button 117 by means of central 
threaded aperture 117A in the push button. The 
plunger rod extends proximally outside the proxi- 
mal opening 102C in the body 102. 

Channel pivot 122 is a substantially cylindrical 
piece located within the distal cylindrical chamber 
102D of frame 102. At its proximal end, channel 
pivot 122 has opening 122C to serve as a recepta- 
cle for snap-in portion 121 A of the collar pin holder 
121 upon which the channel pivot 122 is rotatably 
mounted. As can be seen from Fig. 4A, receptacle 
portion 122C has a circumferential lip 122E to 
interlock with the snap-in portion 121 A. At its distal 
end channel pivot 122 has a stud 122A for mount- 
ing the proximal end of cam bar channel 129 (Fig. 
8). Mounting screw 128 is disposed through trans- 
verse aperture 122D to secure the cam bar channel 
129. Collar shaft 125 is disposed through aperture 
122B. 

Channel pivot 122 provides a means for trans- 
ferring longitudinal movement from the channel pin 



holder 122 to the cam bar channel 129 for the 
purpose of firing the surgical fasteners. Channel 
pivot 122 also provides a means to rotate the cam 
bar channel 129 and collar shaft 125 around the 
s longitudinal axis of the instrument. 

Thumbwheel 123 is disk shaped piece rotatab- 
ly mounted in the circumferential thumbwheel 
mounting notch 102H. Thumbwheel 123 has a dis- 
tally extending cylindrical projection 123B, rectan- 
w gular slot 123A, detents 123C transverse to slot 
123A, projecting distally from the cylindrical projec- 
tion 123B, and a circumferential surface 123D 
which partially projects through elongated notch 
102A. Thumbwheel 123 can be rotated by man- 
15 ually applying a turning force to the portion of the 
circumferential surface 123D which projects 
through the elongated notch. Upon being rotated 
thumbwheel 123 will thereupon turn the cover, cam 
bar channel, collar shaft, around the longitudinal 
20 axis of the instrument for the purpose of imparting 
rotation to the endoscopic portion of the apparatus 
distal to the frame. 

Referring additionally now to Figs. 5 and 5A, 
cover 124 is a relatively long tubular piece having a 
25 diameter appropriate for use in endoscopic surgical 
procedures and projecting distally through the dis- 
tal opening 102B of the frame in alignment with the 
longitudinal axis of the instrument. At its proximal 
end, cover 124 has a flange 124A which has 
30 notches 124B to cooperatively engage detents 
123C of the thumbwheel 123. Flange 124A is 
mounted flush against cylindrical projection 123B 
of the thumbwheel. Cover 124 is rotatably mounted 
as to turn in conjunction with the rotation of the 
35 thumbwheel. Collar shaft 125 and cam bar channel 
129 extend longitudinally through the interior of the 
cover 124. Cover 124 provides a means for enclos- 
ing the collar shaft 125 and cam bar channel 129 to 
prevent them from contacting extraneous body tis- 
40 sue while the instrument is being used. 

Referring additionally to Figs. 6 and 7, collar 
shaft 125 is a relatively long rod in parallel align- 
ment with the longitudinal axis of the instrument 
and having a proximal end with a threaded screw 
45 portion 125A for mounting to the collar pivot wheel 
115, as discussed above, and a distal end with a 
screw portion 125B for mounting to the tapped hole 
126A in collar plug 126. Via collar plug 126, collar 
shaft 125 transmits longitudinal motion to the collar 
so 124 for the purpose of closing the jaws of the 
instrument to secure the target body tissue. Collar 
shaft 125 moves longitudinally, and it may be 
turned around the instrument axis although it does 
not rotate relative to its own axis. 
55 Collar plug 126 provides a means for connect- 
ing collar shaft 125 to collar 127. Collar plug 126 
has a threaded aperture 126A for mounting screw 
portion 125B of the collar shaft 125, and distal 
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radial projections 126 which mount in circumferen- 
tial slots 127A in the collar 127. 

Collar 127 is a substantially tubular piece lo- 
cated distally to the cover 124 and aligned with the 
longitudinal axis of the instrument. Collar 127 has 
circumferential slots 127A in proximity to the proxi- 
mal end of the collar 127, and a distal camming 
edge 127B. As seen in Fig. 15A, distal camming 
edge 127B provides a means for closing the jaws 
of the instrument to secure the target body tissue. 
This is discussed in more detail below. 

Referring additionally now to Rg. 8, cam bar 
channel 129 is an elongated piece having an in- 
verted V-shaped cross section and which is slidab- 
jy mounted in housing 134. At its proximal end, 
cam bar channel 129 has a transverse aperture 
129D for receiving fastening screw 128. The proxi- 
mal end of the cam bar channel 129 is mounted to 
the rectangular mounting stud 122A of channel 
pivot 122 (Fig. 4). At its distal end, cam bar chan- 
nel 129 has a gripping fork 129B and slot 129A. 
Gripping fork 129B and slot 129A provide a means 
of engaging and holding cam bar adapter 130. 
Longitudinal notches 129C allow the cam bar chan- 
nel to move without interference from anvil pivot 
pin 135 (Rg. 11), as discussed below. Cam bar 
channel 129 transmits longitudinal motion from 
channel pivot 122 to the cam bars 131 and knife 
132 for performing the tissue fastening operation. 

Referring to Rgs. 8 and 9, cam bar adapter 

130 is mounted to the gripping fork 129B of the 
cam bar channel 129 and provides a means for 
holding the cam bars 131 and knife 132. Cam bars 

131 are parallelly and longitudinally aligned. Their 
proximal ends are mounted in the longitudinal slots 
130A of cam bar adapter 130. Knife 132, parallelly 
and longitudinally aligned with cam bars 131, is 
also mounted to a slot 130A in the cam bar adapter 
130. Knife 132 has a cutting edge 132A on its 
distal end. 

Referring additionally now to Rgs. 10, 11, and 
11A housing 134 is an elongated piece which is 
aligned with the longitudinal axis of the instrument 
Housing 134 has a proximal end mounted to the 
cylindrical projection 123B of thumbwheel 123 by 
means of pin 133 (Rg. 5). At its distal end, housing 
134 has a relatively wider section 134B for engag- 
ing and holding a cartridge assembly 137. Trans- 
verse aperture 134C receives anvil pivot pin 135. 
Housing 134 also has a longitudinally extending 
center guide rail 134A around which cam bar chan- 
nel 129 is slidably mounted. 

Anvil member 136 is an elongated piece which 
is pivotally mounted to the housing 134. At its 
distal end anvil member 136 has an anvil plate 
136A with a tissue contacting surface 136E with 
staple forming depressions 136D (see Rg. 13). 
Anvil member 136 comprises arms 136B and, at 



the proximal end, a hinge 136C for pivotal mount- 
ing to housing 134 by means of anvil pivot pin 135 
disposed through the hinge 136C and aperture 
134C. Anvil member 136 Is rotatable between an 

5 open position (see Rg. 15A) and a closed position 
(see Rg. 15B) where the anvil forming surface is 
brought into close cooperative alignment with the 
cartridge assembly 137. Anvil plate 136A also has 
a longitudinal center groove 136F to permit pas- 

ro sage of knife 132. Anvil member 136 provides one 
of the jaws of the instrument for clamping and 
securing the body tissue to be fastened. Prefer- 
ably, anvil 136 is provided with one or more tissue 
stops 140 which engage corresponding depres- 

75 sions, openings or indentations in housing 134 (see 
Rgs. 11, 15A). Tissue stops 140 help prevent over- 
insertion of tissue into the jaws. 

Referring additionally now to Rgs. 12, 13 and 
14,the cartridge assembly comprises a cartridge 

20 137 with alignment plate 140, pusher elements or 
staple drivers 139, and surgical fasteners or staples 
138. The staples 138 and pushers 139 are dis- 
posed within grooved slots 137A such that as the 
cam bars 131 move distally and longitudinally 

25 through the cartridge 137, pushers 139 are driven 
up through the grooved slots 137A driving staples 
138 through the body tissue layers 201 and 202 
which are to be joined, and into anvil plate 136A 
where the legs of the staples are crimped in staple 

30 forming depressions 136D. Alignment plate 140 
serves as a cover to keep the staple drivers 
aligned within cartridge 137. Preferably, cartridge 
137 contains two rows of staple pusher elements, 
with each staple pusher element acting on three 

35 staples. One such staple pusher element 139 is 
illustrated in Rg. 16. The preferred staple drive 
member there illustrated includes a body portion 
600 having a distal end 602, a proximal end 604 
with at least one camming surface 606, and three 

40 substantially rectangular pusher plates 608, 610, 
612 aligned in the direction of cam motion. Pusher 
plates 608, 610 are laterally aligned on either side 
of body portion 600 and have an end coterminous 
with the body portion proximal end 604. The mid- 
45 die pusher plate 612 has an end coterminous with 
the body portion distal end 602. None of the push- 
er plates extend the full length of the body portion. 
Preferably, each pusher plate also includes guide 
rails 614 and a staple cradling notch 616. Guide 

50 rails 614 are received by and slide in correspond- 
ing slot portions of the cartridge. As shown in Rg. 
16, each staple drive member is preferably driven 
by a double cam bar. 

Rg. 14 illustrates the surface of the cartridge 

55 137 which comes in contact with body tissue. 
Grooved slots 137A terminate in openings through 
which the staples 138 are ejected. Groove 137B 
guides the movement of knife 132 through the 
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cartridge. 

As will be appreciated from the layout of slots 
or grooves 137A shown in Fig. 14, the preferred 
arrangement including two rows of staple drive 
members, each acting on three staples, results in 
six rows of staples with three overlapping stag- 
gered staple rows on each side of knife groove 
137B. Placing three staggered overlapping rows of 
staples on either side of the incision obtains im- 
proved tissue holding strength and hemostasis. 

A first alternative embodiment of the invention 
is illustrated in Figs. 17 - 31. In the embodiment 
there shown the endoscopic portion 300 of the 
instrument is detachable from the frame and han- 
dle portion 301 of the instrument (see Figs. 17 and 
24). Endoscopic portion 300 preferably constitutes 
a disposable unit, the frame and handle portion of 
the instrument being reusable with replacement 
endoscopic portions. 

Referring now to Fig. 17, a sectional side view 
of endoscopic portion 300, the endoscopic portion 
has a housing 324 mounted at the proximal end to 
a collet 402. At the distal end of the endoscopic 
portion, housing 324 supports a cartridge housing 
334 and an anvil 336. In this embodiment, a clamp- 
ing tube 327 has a clamping portion 327A of sub- 
stantially the same outer diameter as housing 324, 
a tapered section 327B, and a shaft portion 327C 
having a narrow diameter configured and dimen- 
sioned to slide axially within housing 324. The 
proximal end of the narrow diameter shaft section 
327C is fixedly mounted to a clamp tube snap 404. 
A cartridge 337 is mounted to cartridge housing 
334 and engages cam bars 331 and a knife 332. 
As shown in Fig. 17, cam bars 331 preferably are 
staggered longitudinally relative to one another in 
order to improve the balance of forces generated in 
driving the preferred three staple drive members to 
eject three staggered parallel rows of staples on 
either side of the incision formed by knife 332. 
Similar to the first described embodiment, cam 
bars 331 and knife 332 engage and are supported 
by a cam bar adapter 330 which, in turn, engages 
the distal end of a cam bar channel 329. The 
proximal end of cam bar channel 329 is fixedly 
mounted to a channel adaptor 406. 

As shown in Rgure 18, collet 402 is substan- 
tially cylindrical in shape having a cylindrical sup- 
port section 408 at the distal end thereof and a 
plurality of collet fingers 410 extending longitudi- 
nally in the proximal direction. Each collet finger 
410 has an outwardly projecting midsection portion 
412 with an inclined surface 414 projecting axially 
inward in the proximal direction. Each collet finger 
also has an outwardly projecting proximal flange 
portion 416 terminating at an inclined surface 418 
extending axially inward in the proximal direction. 

Rgure 19 is a proximal end view of collet 402, 



illustrating six collet fingers 410 configured as sec- 
tions of a cylinder. Collet 402 and, more specifi- 
cally, collet fingers 410 are preferably made of 
plastic and may be flexed inwardly from their nor- 
5 mal, or rest position. Fingers 410 have memory 
and return to their rest position when the flexing 
force is released. 

The inner diameter of cylindrical support sec- 
tion 408 is configured to accept the proximal end 
io of housing 324. The proximal end of housing 324 is 
fixed to cylindrical support section 408 by any 
appropriate means, including but not limited to 
friction fit and/or engagement of one or more pro- 
jections or ribs 420 on the inner surface of cylin- 
75 drical support section 408 (see Fig., 19) with cor- 
responding openings or slots on the housing 324. 

Referring again to Fig. 17, collet 402 is dis- 
posed within and engages an outer sleeve 422 
such that sleeve 422 is rotationally immovable rela- 
20 tive to the collet but is longitudinally movable rela- 
tive to the collet with a limited range of motion. As 
shown more particularly in Fig. 20, sleeve 422 has 
an outer gripping surface including a gripping ring 
424. Sleeve 422 has a distal portion 426 including 
25 an inwardly extending longitudinal rib 428 which 
engages a longitudinal slot 430 on the outer sur- 
face of the collet cylindrical support section 408 
(see Fig. 19). As will be apparent, engagement of 
rib 428 and slot 430 prevents rotational movement 
30 of the sleeve 422 relative to the collet and vice 
versa. Sleeve 422 also has an inwardly projecting 
flange 432 at the sleeve midsection. Flange 432 
has an area 434 of minimum diameter which cor- 
responds to and engages the outer diameter sur- 
35 face of collet fingers 408 between outwardly pro- 
jecting flanges 412, 416 (see Fig. 17). Flange 432 
also has an inclined surface 436 projecting axially 
inward in the proximal direction. Inclined surface 
436 substantially corresponds to and engages in- 
40 dined surface 414 on collet fingers 410 (see Figs. 
17 and 18). In order to limit the range of longitudi- 
nal motion of sleeve 422 relative to collet 402, 
proximal and distal limiting stops 438, 440 are 
provided. Proximal limiting stop 438 engages the 
45 distal flat surface of the outwardly projecting mid- 
section 412 of one or more collet fingers 410, 
thereby limiting longitudinal motion of the sleeve in 
the proximal direction. Distal limiting stop 440 ab- 
uts the proximal flat surface of collet cylindrical 
50 support section 408, thereby limiting the longitudi- 
nal motion of the sleeve in the distal direction. 

Between these two extreme positions, limited 
longitudinal motion of the sleeve in the distal direc- 
tion from the position illustrated in Fig. 17 is per- 
55 mitted, such that inclined surfaces 414, 436 exert 
axially inward force on collet fingers 410. In this 
manner, collet fingers 410 and, more particularly, 
the proximal ends of collet fingers 410, may be 
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flexed inwardly from their rest or memory position 
for reasons to be discussed hereinafter. 

The proximal section 442 of sleeve 422 has an 
inner diameter which is configured and dimen- 
sioned to accept and surround a corresponding 
outer tube projection on the frame with unencum- 
bered rotational motion between the sleeve and the 
frame. 

Referring again to Fig. 17, radial 'housing sup- 
port pins 444 extend through the cylindrical interior 
of housing 324 near the distal end thereof. Pins 
444 extend through longitudinal slots 446 on 
clamping tube 327 (see Fig. 21) and a similar slot 
in channel 329 (not shown). The proximal end of 
cartridge housing 334 is fixedly mounted to hous- 
ing 324 by housing support pins 444. At the distal 
end, cartridge housing 334 supports cartridge 337. 
Housing support pins 444 also affix the proximal 
end of an anvil leaf spring 448 to housing 324. The 
distal end of spring 448 supports anvil 336. As 
shown in Fig. 17, anvil spring 448 acts as a leaf 
spring to bias the anvil into the open position there 
shown. 

Preferably, at least one pair of corresponding 
anvil alignment guides, shown as alignment pin and 
slot 450, 452, are provided on the anvil and car- 
tridge. Alignment guides 450,* 452 ensure proper 
alignment of the anvil and cartridge tissue contact- 
ing surfaces so that staples ejected from the car- 
tridge accurately engage corresponding staple for- 
ming grooves in the anvil. Also preferred are one or 
more tissue stops 454 to ensure proper placement 
of the body tissue between the jaws without over- 
insertion of the tissue beyond the tissue contacting 
surfaces of the anvil and cartridge. 

Clamp tube 327 surrounds the proximal portion 
of the anvil, anvil spring and cartridge housing in a 
manner similar to the first described embodiment, 
and moves longitudinally between the open posi- 
tion shown in Fig. 17 to a distal, closed position 
clamping the upper jaw closed against the lower 
jaw (see Figs. 15A and 15B). In the latter position 
body tissue is clamped between the anvil and 
cartridge in the manner illustrated in Fig. 13. 

As shown in Figs. 17 and 21, clamp tube 327 
has a clamping portion 327A with an outer diam- 
eter substantially the same as housing 324. At the 
proximal end of clamping portion 327A clamp tube 
327 has a tapered section 327B which joins clamp- 
ing portion 327A to narrow diameter shaft portion 
327C. Clamping portion 327A and shaft portion 
327C are substantially cylindrical. Shaft portion 
327C has an outer diameter smaller than the inner 
diameter of cylindrical housing 324, thereby per- 
mitting longitudinal movement of the clamping tube 
relative to the housing. As shown in Fig. 21, shaft 
portion 327C includes longitudinal slots 446, 456. 
As previously described, housing support pins 444 



extend through slots 446. It will be noted that slots 
446 are configured to permit sufficient longitudinal 
movement of clamp tube 327 and channel 329 
relative to housing 324 to close the instrument jaws 

5 and fire the instrument. Pins 444 isolate the anvil 
and cartridge housing assemblies relative to hous- 
ing 324, and prevent longitudinal or rotational 
movement of the anvil or cartridge assemblies rela- 
tive to the housing. Pins 444 also prevent rotational 

70 movement of the collar tube or channel relative to 
housing 324. 

The proximal end of clamp tube 327 is con- 
nected to the distal end of clamp tube snap 404 
(see Figs. 17 and 22). As shown in Fig. 22, clamp 

75 tube snap 404 includes two distal legs 458 which 
extend into the proximal end of clamp tube 324. 
Outwardly extending pins 460 isolate clamp tube 
324 and clamp tube snap 404 relative to one 
another. Clamp tube snap 404 further includes a 

20 substantially cylindrical midsection 462 and clamp 
snap fingers 464. It will further be appreciated that 
inward deflection of collet fingers 410 by distal 
movement of sleeve 422 also inwardly deflects 
clamp snap fingers 464 from their rest position 

25 shown in Fig. 17. 

Channel 329 is disposed within clamp tube 327 
and is longitudinally movable therein for imparting 
longitudinal motion to cams 331 and knife 332. 
Referring to Figs. 17 and 23, the proximal end of 

30 channel 329 is fixed to the distal end of channel 
adaptor 406, such as by tabs 466 on channel 
adaptor 406 engaging corresponding slots on chan- 
nel 329 (not shown). The shaft of channel adaptor 
406 extends longitudinally through the center of 

35 clamp tube snap 404 and terminates with a female 
snap-in receptor defined by prongs 468. 

The preferred frame for this embodiment is 
shown in Figs. 24-31. 

As shown in Figs. 24, 25A and 25B, the frame 

40 and handle assembly in this embodiment is config- 
ured with a double handle. In this embodiment, 
inner handle 470 controls the tissue clamping ac- 
tion of the instrument jaws, and outer handle 472 
controls firing of the instrument. Frame 474, which 

45 may be molded and/or machined in whole or in 
part, is substantially rectangular with a closed 
proximal end 478, a lower gripping surface 480 and 
an upper, handle receiving surface 482. An opening 
484 is provided to receive handles 470, 472 moun- 

50 ted to hinge pin 486. Handles 470, 472 may be 
biased in the open position, illustrated in Fig. 24, as 
by spring loading. The distal portion of opening 
484 is defined by an upwardly extending lip 488. 
The lower surface of the frame includes a protrud- 

55 ing bulbous region 490 distal to gripping surface 
480. As explained in greater detail below, bulbous 
region 490 defines an interior cavity 492 sufficient 
to permit arcuate travel of the handles. The distal 
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end of frame 474 terminates at a substantially flat 
surface having a distal opening 498 (see Fig. 25B). 
Preferably, frame 474 is cast and/or machined in 
two left and right halves fastened together by 
screws or rivets 496. 497. 499. Each frame half 5 
includes a distal inwardly projecting flange 500 and 
a longitudinal rib 502 which define distal opening 
498 (see Fig. 25B). Inwardly projecting flange 500, 
in conjunction with the exterior walls of frame 474 
and interior walls 504, define a distal frame chanv 10 
ber 506 to receive and support the proximal end of 
an outer tube 494. 

Referring now to Figs. 24, 26A and 26B, inner 
handle 470 includes a gripping tab portion 506 at 
the proximal end of an inner handle arm 508 and a 75 
lever arm portion 510. A hinge pin aperture 512 is 
provided at the distal end of arm 508 to receive 
hinge pin 486, such that inner handle 470 rotates 
about hinge pin 486 to obtain leveraging mechani- 
cal advantage at lever arm 510. As shown in Rg. 20 
26B, a distal end view of the inner handle, lever 
arm portion 510 is formed in a substantially U- 
shaped configuration with a pair of lever arm forks 
51 OA, 51 0B. Referring again to Fig. 26A, each 
leveraging fork includes an elongated slot 514 for 25 
receiving frame clamp tube pins 516 projecting 
from either side of a frame clamp tube 518 strad- 
dled by lever arm forks 51 OA, 51 0B. 

Frame clamp tube 518 is best described by 
reference to Figs. 27A through 27E. Fig. 27A is a 30 
bottom view of frame clamp tube 518 showing 
clamp tube pins 516 projecting outwardly to either 
side to engage slots 514 on the inner handle lever 
arm portion. An elongated U-shaped slot 524 is 
provided for reasons explained later. As shown in 35 
Figure 27B, a front side view of tube 518, a spring 
retaining pin 522 is formed and protrudes out- 
wardly from the frame clamp tube. As shown in 
Fig. 27C, a side cross section view of the frame 
clamp tube, the distal end of frame clamp tube 518 40 
includes a circumferential recess 526 configured 
and dimensioned to receive clamp tube snap 564. 
Fig. 27D is a partial rear side view of the clamp 
tube showing the proximal end of the clamp tube. 
As there shown, the rear side of clamp tube 518 45 
includes a leaf spring slot 520 and a leaf spring 
cam 521. Rg. 27E is a partial rotated view of tube 
518 showing cam 521. As shown, cam 521 is 
formed by bending a section of the tube wall to 
protrude outward from the circumference of the 50 
tube. Frame clamp tube 518 is longitudinally mov- 
able from the proximal position shown in Fig. 24 to 
a distal position to close the instrument jaws. The 
distal end of a clamp tube spring 519 engages 
spring retaining pin 522 and the proximal end of 55 
clamp tube spring 519 engages the screw mount 
497. Thus, clamp tube spring 519 retains the frame 
clamp tube in the proximal position until force is 



exerted to move the tube to the distal position. As 
shown in Rg. 24, the distal end of frame clamp 
tube 518 is disposed within outer tube 494. In the 
proximal clamp tube position there illustrated, the 
distal end of the frame clamp tube is substantially 
aligned with the distal end of the cylindrical barrel 
of outer tube 494. 

Referring now to Figs. 24 and 29, outer tube 
494 is substantially cylindrical and engages the 
distal opening in frame 474. The proximal, frame 
engaging portion of outer tube 494 includes an 
annular flange 534 which, together a distal outer 
tube body section 536, define an annular groove 
537 for receiving inward flange 500 at the distal 
end of frame 474. Longitudinal ribs 502 on the 
frame (shown in phantom) engage the exterior out- 
er tube surface to stabilize outer tube 494 relative 
to frame 474. Outer tube 494 is fixed relative to 
frame 474, as by compression fit and/or locking 
engagement of one or more corresponding sets of 
pins and holes, etc. Thus, outer tube 494 projects 
from the distal end of frame 474 but is fixed 
relative to the frame. The projecting distal end of 
outer tube 494 is configured and dimensioned to 
engage collet 402 on the endoscopic portion of the 
instrument (see Rg. 17). The outer diameter of 
body section 536 is configured and dimensioned to 
be inserted into sleeve 422, with collet fingers 410 
simultaneously urged within outer tube 494 by in- 
wardly inclined rim 538. As shown in Fig. 29, body 
section 536 includes collet finger recesses 540 
having slightly inclined distal walls 542. Body sec- 
tion 536 further includes transition walls 544 be- 
tween the collet finger receiving portion and the 
cylindrical barrel section 546. Cylindrical barrel 
section 546 has a uniform diameter from the proxi- 
mal termination point of inclined walls 544 to the 
proximal end of outer tube 494. As stated, cylin- 
drical barrel section 546 receives frame clamp tube 
518 in concentric longitudinal sliding relation (see 
Rg. 24). The protruding distal portion of outer tube 
494 also includes a small bump, protrusion or 
detent pin 501 for engaging one of detent slots 503 
on the inner surface of sleeve 522 (see Rg. 20), 
such that sleeve 522 may be rotated between 
distinct detent positions relative to outer tube 494. 

Outer handle 472 includes a proximal tab por- 
tion 548, a longitudinal arm portion 550, and a lever 
arm portion 552 (see Rgs. 24, 30A and 30B). The 
proximal end of longitudinal arm portion 552 termi- 
nates in tab 548. and the distal end of arm portion 
550 includes a hinge pin aperture 554 for receiving 
hinge pin 486 (see Fig. 24). 

As shown in Figs. 30A and 30B, outer handle 
arm 518 is of substantially U-shaped configuration 
such that inner handle arm 508 may be received 
within the open interior of longitudinal arm section 
550. Outer handle lever arm portion 552 is config- 
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ured and dimensioned to have an open interior 
section 556 which surrounds the inner handle lever 
arm portion and clamp tube assembly. Open inte- 
rior section 556 permits unrestricted longitudinal 
movement of the frame clamp tube in response to 
inner handle 470 independent from the action of 
the outer handle. To obtain open interior section 
556, outer handle lever arm portion 552 includes 
outwardly flared regions 558A, 558B, substantially 
parallel body walls 560A, 560B and a neck region 
562 terminating at distal end portions 564. Refer- 
ring to Rg. 30A, each distal end portion 564 in- 
cludes a sprocket wheel pin receiving aperture 566. 

Referring again to Rg. 24, a sprocket wheel 
568 is mounted on sprocket wheel pin 566 and 
engages a chain 570. One end of chain 570 is fixed 
to frame 474, as by being secured to a pin mount 
572. The other end of chain 570 is fixed to a chain 
engaging tab 574. Chain engaging tab 574 is at- 
tached as a downwardly extending tab at the proxi- 
mal end of a drive tube 576. Drive tube 576 is 
disposed within frame clamp tube 518 and slides 
freely relative thereto. As will be appreciated, when 
outer handle 472 is closed toward the upper frame 
surface 482 outer handle lever portion 552 is rotat- 
ed in the distal direction. This motion causes 
sprocket wheel 568 to follow an arcuate path, within 
the open bottom region 592 of the frame, drawing 
chain 570 and, consequently, drive tube 576 in the 
distal direction. It will be noted that elongated 
opening 524 on the bottom of frame clamp tube 
518 accommodates chain 570 to ensure free move- 
ment of the chain and frame clamp tube relative to 
each other. In addition, a drive tube spring 577 
engages frame screw mount 499 and a pin (not 
shown) within drive tube 576 to retain the drive 
tube in the proximal position shown until the instru- 
ment is fired. 

Briefly turning to Rg. 31 , a side view of drive 
tube 576, the distal end of drive tube 576 is pro- 
vided with an axially mounted protruding stem 578 
bearing a push plug 580. Push plug 580 has a 
chamfered distal tip and is configured and dimen- 
sioned to be received between the proximal fingers 
468 on channel adaptor 406 (see Rg. 17). As 
shown in the sectional portion of Rg. 31 , the rear 
wall of drive tube 576 is provided with a safety 
locking slot 579. 

Advantageously, a safety locking mechanism is 
provided in this embodiment to prevent accidental 
firing of the instrument. Referring to Rgs. 28A and 
28B, a leaf spring 528 is provided having a shank 
portion 529 and a curved tip 530. Curved tip 530 
includes curved tip shoulders 531 of equal width to 
shank portion 529 extending approximately half the 
length of curved tip 530. Curved tip 530 further 
includes a central drive tube locking tip 533 pro- 
truding the full length of curved tip 530. Referring 



again to Rg. 24, the central region 532 outlined in 
phantom is a further partial sectional view looking 
beyond the far wall of drive tube 576. This relation- 
ship is better illustrated in Rgs. 32A and 32B, 

s which are top plan views showing the frame clamp 
tube 518 in proximal and distal positions, respec- 
tively, relative to leaf spring 528. Leaf spring 528 is 
mounted to frame 474, as by screw mounting 
through screw hole 535 (see Rg. 28B), with curved 

10 tip 530 extending and biased toward frame clamp 
tube 518 and drive tube 576. In the proximal posi- 
tions of tubes 518, 576, drive tube locking pin 533 
extends through slot 520 on the far side of frame 
clamp tube 518 (see Rgs. 27D and 32A) and 

75 engages safety locking slot 579 on drive tube 576 
(shown in phantom in Rg. 32A). Thus, in the proxi- 
mal position, leaf spring 528 and locking pin 533 
securely lock the drive tube in the proximal posi- 
tion and the instrument cannot be fired. However, 

20 leaf spring shoulder portions 531 do not extend into 
slot 520, but rather ride outside and to either side 
of slot 520. As frame clamp tube 518 moves from 
the proximal to the distal position, one of shoulder 
portions 531 rides onto leaf spring cam 521, there- 

25 by forcing leaf spring 528 away from tubes 518, 
576 and disengaging locking pin 533 from safety 
locking slot 579 (see Rg. 32B). The leaf spring 
remains disengaged from the drive tube while the 
frame clamp tube is in the distal position, and 

30 returns to locking engagement with drive tube 576 
whenever frame clamp tube 518 is returned to the 
proximal position. Advantageously, the force ex- 
erted by leaf spring 528 against cam 521 also 
tends to retain frame clamp tube 518 in the distal 

35 position, so that the instrument will remain in the 
clamping position in preparation for firing. In the 
position shown in Rg. 32B, frame clamping tube 
518 is in the distal position to clamp the instrument 
jaws closed, but drive tube 576 remains in the 

40 proximal position. However, because safety locking 
pin 533 is disengaged from slot 579 (shown in 
phantom), the outer handle may now be closed to 
move drive tube 576 distally to fire the instrument. 
In order to assemble the frame and endoscopic 

45 portions of the instrument constructed in accor- 
dance with this embodiment, outer tube 494 is 
axially aligned with and inserted into sleeve 522 
until collet fingers 510, and more specifically an- 
nular flanges 416 on the collet fingers, engage 

so collet finger recesses 540. In addition, as outer 
tube 494 is inserted into sleeve 522, (i) clamp tube 
snap 564 is inserted into frame clamp tube 518 
and mates with corresponding recesses 526 of the 
frame clamp tube; and (ii) channel adaptor 406 is 

55 axially inserted through the frame clamp tube until 
push plug 580 is seated between channel adaptor 
fingers 468. 

It will be noted that, in this embodiment, en- 
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doscopic portion 300 can be rotated relative to 
frame 301 by exerting rotational force on sleeve 
422. As stated, detent pin 501 and detent slots 503 
on the outer tube and sleeve, respectively, define 
distinct rotational positions of the endoscope por- 5 
tion relative to the frame. As the endoscopic por- 
tion rotates, collet 402 rotates relative to outer tube 
494, clamp tube snap 564 rotates within frame 
ciamp tube 518, and push plug 580 rotates within 
channel adaptor fingers 468. It will further be noted w 
that in the starting position of the handles illus- 
trated in Fig. 24, springs 519, 577 bias the frame 
clamp tube and drive tube into their proximal posi- 
tions. The related mechanical linkages also urge 
handles 470, 472 into the open positions illustrated. ;s 
Drive tube locking pin 533 engages drive tube 
safety locking slot 579 to lock the drive tube in the 
proximal position and. hence, handle 572 in the 
open position, until the instrument jaws are 
clamped closed. 20 

Tissue ciamping is effected by closing inner 
handle 470 against upper frame surface 482. As 
inner handle 470 pivots about hinge pin 486. pins 
516 travel in slots 514 to draw frame clamp tube 
518 in the distal direction, overcoming the force of 25 
the frame clamp tube spring 519 to advance frame 
clamp tube 518 to its distal position. Because 
frame clamp tube 518 engages clamp tube snap 
564, movement of frame clamp tube 518 imparts 
longitudinal motion to clamp tube 327, thereby 30 
closing anvil 336 against the tissue engaging sur- 
face of cartridge 337. Moving the frame clamp tube 
to the distal position also causes leaf spring cam 
521 on frame clamp tube 518 to engage and urge 
leaf spring 528 away from drive tube 576, thereby 35 
disengaging drive tube locking pin 533 from safety 
locking slot 579. 

Thereafter, the instrument may be fired by 
closing outer handle 472 against the inner handle 
and frame. During this motion, sprocket wheel 568, 40 
via chain 570, overcomes the force of drive tube 
spring 577 and imparts distal longitudinal motion to 
drive tube 576 and, hence, to channel adaptor 406. 
Of course, distal longitudinal motion of channel 
adaptor 406 drives channel 329, cams 331 and 45 
knife 332 to eject staples from the cartridge and 
form an incision between the rows of staples 
placed. 

In this embodiment, endoscopic portion 300 
may be detached from frame and handle portion 50 
301 by exerting distal force on sleeve 422. As 
previously stated, during such motion inclined sur- 
faces 414, 436 cooperate to flex the collet fingers 
inward, thereby releasing the collet from outer tube 
494. Collet fingers 410 in turn flex clamp tube snap 55 
464 to disengage the clamp tube snap from the 
frame clamp tube. Finally, as sufficient withdrawing 
force is developed, the distally inclined surfaces of 



channel adaptor fingers 468 cause the channel 
adaptor fingers 468 to release push plug 580, 
thereby permitting full disengagement of the en- 
doscopic portion from the frame. Of course, the 
withdrawing force required to release channel 
adaptor fingers 468 should be sufficiently great that 
opening outer handle 472 after firing the instrument 
does not result in disengagement of the push plug 
from the channel adaptor. 

Advantageously, the double-handle and safety 
locking pin arrangement of this embodiment pre- 
vents accidental firing of the instrument with the 
jaws in the open position. That is, because the 
outer firing handle is mounted over the clamping 
handle and cannot be closed without previously 
and independently closing the inner clamping han- 
dle, ft is impossible to fire the instrument until the 
jaws are fully closed to clamp tissue. 

Further alternative embodiments are contem- 
plated in which ail or part of the instrument would 
be disposable. Where the entire instrument con- 
stitutes a single use, disposable instrument, the 
endoscopic portion preferably would be integral 
with the frame and as much of the instrument as 
possible would be constructed of plastic. In other 
contemplated embodiments the cartridge, knife and 
possibly the anvil might be disposable, alone or as 
a unit. It is also contemplated, for example, that a 
replaceable cartridge assembly could be provided 
which includes the knife and possibly the cam 
bars. 

It is also preferred in all embodiments to in- 
clude a sealing member within the housing in order 
to effect an internal seal within the housing. Of 
course, such a sealing member, not here illus- 
trated, must permit longitudinal movement of the 
clamping and firing elements. 

Suitable materials for use in constructing the 
instrument in accordance with the invention include 
stainless steel, titanium, aluminum and plastic. 
Where disposability of all or part of the instrument 
is desired, plastic is the material of choice for 
economic reasons. Plastic is also preferred, where 
possible, in order to minimize the overall weight of 
the instrument. Of course, certain parts, such as 
the anvil, have performance requirements which 
dictate the material used. In the case of the anvil, 
the need for high strength and accurately shaped 
depressions to deform the staples typically re- 
quires use of a metal, such as stainless steel. 
Similarly, the knife requires a fine cutting edge and 
typically is also made from stainless steel. The 
staples used with the present invention may be 
non-absorbable plastic or metal or an absorbable 
synthetic material, such as a copolymer of poly- 
glycolic acid. 

In use, the endoscopic portion of the instru- 
ment is inserted into the body, preferably through 
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an endoscopic tube. It is further preferred that the 
endoscopic tube apparatus be capable of maintain- 
ing a sealed pneumoperitoneum, with the internal 
sealing member of the housing further maintaining 
this seal despite introduction of the instrument in 
accordance with the invention into the endoscopic 
tube. As a practical matter, the jaws of the instru- 
ment are closed for insertion into the endoscopic 
tube, either by pinching the anvil and cartridge 
prior to insertion or by closing the clamping 
mechanism prior to insertion. 

After insertion into the endoscopic tube, the 
endoscopic portion may be rotated In order to 
appropriately orient the instrument at the stapling 
site. Rotation of the endoscopic portion relative to 
the body may be attained by rotating the instru- 
ment, as a whole, by rotating the endoscopic por- 
tion relative to the frame using finger wheel 123 
(see Fig. 1) or sleeve 522 (see Fig. 17), or any 
combination thereof. 

Referring additionally now to Figs. 15A and 
15B, with the instruments properly oriented so that 
the tissue to be fastened 201, 202 is disposed 
between the open jaws of the instrument, i.e., be- 
tween the tissue contacting surfaces of anvil mem- 
ber 136, 336 and cartridge 137, 337, the jaws are 
closed to clamp the tissue. In the first embodiment, 
the surgeon presses down on toggle lever 104, 
thereby sliding collar 127 distally, via collar shaft 
125, collar pivot wheel 115, collar pivot holder 112, 
and collar moving pivot 111. As collar 127 moves 
distally in the direction of arrow A from a first 
position where the camming edge 127B at the 
distal end of collar 127 is proximal to hinge 136C 
(Fig. 15A), to a second position where the cam- 
ming surface 127B is distal to the hinge 136C (Fig. 
15B), the camming edge 127B contacts the upper 
surface of the anvil arms 136B, thereby forcing 
anvil member 136 to rotate in the direction of arrow 
B until the fastener forming surface 136E is 
brought into close cooperative alignment with the 
cartridge assembly, i.e., the slots 137A are aligned 
with staple forming depressions 136D. Fig. 15B 
illustrates the instrument with the jaws in a closed 
position. In the second embodiment described 
above, the same result is obtained by closing inner 
handle 470 to impart longitudinal motion to frame 
clamping tube 518 and clamping tube 337, thereby 
close anvil 336 against cartridge 337. It is con- 
templated that achieving proper instrument place- 
ment may require multiple attempts to clamp the 
tissue prior to firing the instrument. 

After closing the instrument jaws, the instru- 
ment is ready to be fired. To fire the instrument in 
the first embodiment, the surgeon presses push 
button 117, whereby the knife 132 and cam bars 
131 are driven longitudinally through the cartridge 
via cam bar channel 129, channel pivot 122, chan- 



nel pin holder 121, and firing support shaft 117. As 
explained above, as the cam bars 131 are driven 
longitudinally through the cartridge, the staple drive 
members 139 push staples 138 through the body 

5 tissue against anvil 136, where the staples 138 are 
crimped. In the second described embodiment 
outer handle 472 is closed to impart longitudinal 
motion to drive tube 576, channel 329, cams 331 
and knife 332 to fire the staples and make an 

w incision. 

Various sizes of the instrument are contem- 
plated, as well as various types of construction 
materials. In the first embodiment the elongated 
slot for allowing access to the thumbwheel may be 

75 placed alternatively in the left body portion or right 
body portion. 



Claims 

20 

1. Surgical apparatus (100) for driving surgical 
fasteners into body tissue comprising: 

a) a frame (102); 

b) an endoscopic portion (103) defining a 
25 longitudinal axis and extending distally from said 

frame, said endoscopic portion including: 

i) an elongate housing (134) having a dis- 
tal member (134B) for mounting a cartridge assem- 
bly (137), said cartridge assembly (137) including a 

30 plurality of surgical fasteners (138) slidably moun- 
ted therein, and having a tissue engaging surface; 

ii) an anvil member (136) having a fas- 
tener forming surface (136D), and a proximal end 
(136C) mounted to said elongate housing such that 

35 the anvil member is movable between an open 
position and a closed position wherein said fas- 
tener forming surface is in close co-operative align- 
ment with said tissue engaging surface of said 
cartidge assembly; 

40 iii) means for moving said anvil member 

between said open position and said closed posi- 
tion; and 

iv) means (139) for ejecting said surgical 
fasteners from said cartidge assembly, whereby 
45 said fasteners engage said fastener forming sur- 
face. 

2. Surgical apparatus as claimed in Claim 1 
further comprising means for rotating said en- 
doscopic portion around said longitudinal axis. 

so 3. Surgical apparatus as claimed in Claim 1 or 
2, wherein said means for moving said anvil mem- 
ber between said open position and said closed 
position further comprise: 

a) a tubular collar (127) disposed around at 

55 least a portion of said housing and said anvil, said 
tubular collar having a distal camming edge and 
being movable between a first position in which 
said camming edge is located proximally to the 

13 
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proximal end of said anvil member, and a second 
position in which said camming edge is located 
distally to the proximal end of said anvil member, 
said tubular collar co-operating with said anvil 
member such that when the collar is moved from 
said first position to said second position, said anvil 
member is urged to said closed position; and 

b) means (125) for moving said collar be- 
tween said first position and said second position. 

4. Surgical apparatus as claimed in Claim 3, 
wherein said means for moving said collar between 
said first position and said second position further 
comprise; 

a) a collar plug (126) for mounting to the 
proximal end of said collar, said collar having at 
least one circumferential slot, said collar plug hav- 
ing at least one radial projection configured and 
dimensioned to engage said circumferential slot; 
and 

b) means (125) for moving said collar plug 
longitudinally relative to said housing, thereby mov- 
ing said collar between said first position and said 
second position. 

5. Surgical apparatus as claimed in Claim 3 or 
4, wherein said means for moving said collar be- 
tween said first position and said second position 
further comprise: 

a) a collar shaft (125) extending longitudinal 
to said housing and having proximal and distal 
ends; 

b) means (115) for longitudinally moving said 
collar shaft relative to said housing; and 

c) means (126) for transmitting longitudinal 
movement from the distal end of said collar shaft to 
said collar such that said collar is movable between 
said first position and said second position. 

6. Surgical apparatus as claimed in Claim 5, 
wherein said means for moving said collar between 
said first position and said second position further 
comprise: 

a) a substantially cylindrical collar pivot 
wheel (115) slidably mounted within said frame, 
said collar pivot wheel being configured and 
dimensioned to receive the proximal end of said 
collar shaft, said collar pivot wheel also being rotat- 
able and longitudinally movable relative to said 
frame and longitudinally aligned with said tubular 
collar; 

b) means (115B, 125A) for transmitting lon- 
gitudinal movement from said collar pivot wheel to 
said collar shaft* and 

c) means (112) for longitudinally moving said 
collar pivot wheel such that said collar is movable 
between said first position and said second posi- 
tion. 

7. Surgical apparatus as claimed in Claim 6 
wherein said means for longitudinally moving said 
collar pivot wheel further comprises a collar pivot 



holder (112) longitudinally slidably mounted within 
the interior of said frame, said collar pivot holder 
being substantially cylindrical and having a distal 
end engaging said collar pivot wheel, said collar 

5 pivot wheel being rotatable relative to said collar 
pivot holder but longitudinally fixed relative to said 
collar pivot holder also having a proximal end en- 
gaging a collar moving pivot (111) for longitudinally 
moving said collar pivot holder in response to man- 

10 ual pressure. 

8. Surgical stapling apparatus as claimed in 
Claim 6 or 7, wherein aid collar pivot wheel has a 
central aperture extending axially therethrough for 
rotatably engaging a stud (114) longitudinally fixed 

is to the distal end of said collar pivot holder, said 
collar pivot wheel being longitudinally fixed relative 
to said stud. 

9. Surgical apparatus as claimed in any one of 
the preceding claims, wherein the endoscopic por- 

20 tion is detachably connected to said frame. 

10. Surgical apparatus as claimed in Claim 9, 
wherein said means for moving said anvil member 
between said open and said closed positions fur- 
ther comprises a collar tube having a shaft portion 

25 (125) disposed within and longitudinally movable 
relative to said housing and a clamping portion 
(127) protruding from the distal end of said hous- 
ing, said clamping portion surrounding a portion of 
said anvil member (136), said collar tube being 

30 movable between a first position wherein said 
clamping portion is adjacent said housing and a 
second position wherein said clamping portion is 
distal to said housing and urges said anvil member 
into said closed position. 

35 11. Surgical apparatus as claimed in any one 
of the preceding claims, wherein said anvil member 
is movably mounted to said housing. 

12. Surgical apparatus as claimed in claim 11, 
wherein the anvil member is mounted to the hous- 

40 ing by a leaf spring. 

13. Surgical apparatus according to any one of 
the preceding claims, which includes said cartridge 
assembly and wherein said means (139) for ejec- 
ting said surgical fasteners further comprises at 

45 least one cam bar (129) for actuating pusher ele- 
ments (139) within said cartridge assembly to drive 
said fasteners as said cam bar longitudinally tra- 
verses said cartridge assembly. 

14. Surgical apparatus as claimed in Claim 13, 
50 wherein said cartridge assembly further includes a 

knife. 

15. Surgical apparatus as claimed in Claim 13, 
further comprising a knife (132) mounted to said 
cam bar. 

55 16. Surgical apparatus as claimed in Claims 
13, 14 or 15, wherein said cartidge assembly is 
removably mounted to said elongate housing. 
17. Surgical apparatus as claimed in Claim 16, 
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wherein said cartidge assembly, means for ejecting 
said surgical fasteners and knife are removable 
from said elongate housing for replacement as a 
unit. 

1 8. Surgical apparatus comprising a disposable 
loading unit for an endoscopic stapler, the appara- 
tus comprising; 

i) an elongate housing supporting at the dis- 
tal end thereof a cartridge assembly, said cartridge 
assembly including a plurality of surgical fasteners 
slidably mounted therein, and having a tissue en- 
gaging surface; 

ii) an anvil member having a fastener for- 
ming surface, and a proximal end mounted to said 
elongate housing such that said anvil member is 
movable between an open position and a closed 
position wherein said fastener forming surface is in 
close co-operative alignment with said tissue en- 
gaging surface of said cartridge assembly; 

iii) means for moving said anvil member 
between said open position and said closed posi- 
tion; and 

iv) means for ejecting said surgical fasteners 
from said cartridge assembly, said elongate hous- 
ing, anvil member and cartridge assembly being 
configured and dimensioned to be received by and 
fit into an endoscopic tube 

19. Surgical apparatus as claimed in Claim 18, 
wherein means for moving said anvil member be- 
tween said open and said closed positions further 
comprises a collar tube having a shaft portion 
disposed within an longitudinally movable relative 
to said housing and a clamping portion protruding 
from the distal end of said housing, said clamping 
portion surrounding a portion of said anvil member, 
said collar tube being movably between a first 
position wherein said clamping position is adjacent 
said housing and a second position wherein said 
clamping portion is distal to said housing and urges 
said anvil member into said anvil member into said 
closed position. 

20. Surgical apparatus as claimed in Claim 18 
or 9, wherein said anvil member is movably moun- 
ted to said housing by a leaf spring. 

21. Surgical apparatus as claimed in Claim 18, 
19 or 20, wherein said means for ejecting said 
surgical fasteners further comprises at least one 
cam bar for actuating pusher elements within said 
cartridge assembly to drive said fasteners as said 
cam bar longitudinally tranverse said cartridge as- 
sembly. 

22. Surgical apparatus as claimed in Claim 21 
further comprising a knife mounted to said cam 
bar. 

23. Surgical apparatus of Claim 22, wherein 
said cartridge assembly, means for ejecting said 
surgical fasteners, and knife are removably moun- 
ted to said elongate housing for replacement as a 



unit 

24. Surgical apparatus as claimed in any one 
of Claims 18 to 23, wherein said cartridge assem- 
bly is removably mounted to said elongate hous- 

5 ing. 

25. Surgical apparatus as claimed in any one 
of Claims 18 to 24, wherein said cartridge assem- 
bly further includes a knife. 

10 
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